Cellulose is the major component of plant cell walls and is consequently the most abundant biopolymer in the world. Many fungi and bacteria produce cellulase, which hydrolyzes cellulose, to utilize cellulose. It is important for utilization of the biomass to study enzymatic degradation of cel lulose in the nature. The cellulase system comprises the most studied cellulolytic enzymes. 1) It has been known that some bacteria have an intra-cellular phosphorolytic enzyme system to utilize cellooligosaccharides. of cellobiose into a-glucose lphosphate (G1-P) and glucose, but does not phos phorolyze cellooligosaccharides (CGn: n, degree of polymerization) greater than n = 3. Contrarily, CDP reversibly phosphorolyzes CGn (n 3) (into glucosel-phosphate and CGn-1), but does not phosphorolyze cellobiose.
CBP have been found in several bacteria such as C. the rmocellum, 2,3) Cellvibrio gilvus, 4) Cellulo monas flmi, 5) Cellulomonas spec.,6) Ruminococcus flavefacience,7) and C. sterocolarium.8) Alexander purified CBP from C. thermocellum strain 653.9) CBP from Cellvibrio gilvus was purified into ho mogeneity10) and its properties were investigated in detail.11-13) On the other hand, CDP has been found only in Clostridia, C. thermocellum 14,15) and C. ster corarium. 8) DNA manipulation. Preparation of plasmid DNA, endonuclease digestion, ligation, and transformation were carried out using standard proce dures.29) C. thermocellum YM4 was cultivated as described previous1y27) and its genomic DNA was extracted by using InstaGene matrix (Biorad, USA), according to its supplier's protocol.
Nucleotide sequence analysis.
The nucleotide sequence was determined by the dideoxynucleotide chain terminating method using an automated DNA sequencer (Model 31 OA, Applied Biosys tems, USA) with dRhodamine Terminator Kit (Perkin Elmer, USA). At least 3 independent clones of each PCR product were used sequenced. Sequence data was analyzed by using Genetyx Mac software Version 10.0 (Genetyx software De velopment Co., Ltd., Tokyo, Japan). vector and subjected to nucleotide sequencing. Purification of CDP. A portion of the cell free extract (45 mL) was first charged on a Ni-NTA agarose (Qiagen, Germany) column (2.4 mL) and the enzyme was eluted by a linear gradient of imidazole (10-250 mM, total 30 mL) in 20 mM MOPS-Na buffer (pH 7.5) containing 300 mM NaCI. The appropriate fractions were collected and ammonium sulfate was added to the fractions to make 1 M. The enzyme was adsorbed on a ButylToyopearl 650M (Toso, Japan) column (5 mL), eluted with a linear gradient of ammonium sulfate (1-0 M, total 20 mL) in 20 mM MOPS buffer, to yield the purified enzyme. SDS PAGE was done by the method of Laemmli31) and the protein bands were detected by staining with Coomassie Brilliant Blue R250. The amount of G 1-P was quantified by using the phosphoglucomutase/glucose-6-phospate dehydro genase method33) after inactivating CDP by boiling the reaction mixture. Kinetic parameters were cal culated by using a non-linear regression analysis program, Grafit Ver. 3 (Erithacus Softwear, London, U.K.).
RESULTS
Cloning of the cdp gene.
The results of the cloning are summarized in Fig. 1 . The PCR amplification of genomic DNA by using a sense primer (CDP-MITK) and an an tisense primer (CDP-AKKV) resulted an internal fragment of 2.6 kbp. Then, the TAIL-PCR strat egy30) was used to amplify each 5 ' and 3 ' region to obtain the complete cdp gene. By using TAIL PCR, a 2.1 kbp fragment and a 1.4 kbp fragment were amplified from the 5 ' and 3 ' regions, respec tively. Finally, a 3.3 kbp fragment containing the complete cdp gene was amplified.
Nucleotide and deduced amino acid sequence of cdp gene.
To determine the entire sequence of the cdp gene, three independent isolates of the pCRTO POXL7 plasmid were sequenced. The nucleotide sequence of the cdp gene (accession number AB 061316) included an open reading frame of 2952 nucleotides encoding a protein with 984 amino acid residues having a molecular mass of 111,613. Amino acid sequences of 3 CDPs and 4 CBPs were aligned by using Genentyx Mac Ver. 10, and the alignment scores (%) are given. 1, C. thermocellum YM4 CDP (AB061316); 2, C. ther mocellum ATCC27405 CDP (AB006822); 3, C. stercorarium CDP (U60580); 4, C. thermocel lum ATCC27405 CBP (AB013109); 5, C. stercorarium CDP (U56424); 6, Thermotoga neapoli tana CBP (Z99777); 7, Cellvibrio gilvus CBP (AB010707). The amino acid sequence of CDP YM4 was compared with those of other cellodextrin phos phorylases and cellobiose phosphorylases cloned, as shown in Table 1 . The CDP of C. thermocellum YM4 showed significant identity with CDPs of C. thermocellum ATCC 27405 (92%) and C. sterco rarium (22%). It also has high similarity with CBPs of C. thermocellum ATCC 27405 (23%), Clost. stercorarium (20%), Cellvibrio gilvus (21%), and T. neapolitana (22%). No significant similarity was found to any other amino acid se quence known. The multiple alignment of amino acid residues of CBP and CDP, shows three blocks of high sequence conservation (Fig. 2) .
Basic properties of the cloned CDP. •› Lane 1, cellooligosaccharides (each 5 mg/mL); Lane 2. before the reaction; Lane 3, after the reaction for I h. The reaction conditions were as follows: 50 mm cellobiose. 50 mm G1-P, and 5 IU/mL CDP in 200 mM MOPS-Na buffer (pH 7.5) at 30'C for I h. The reaction mixture was deionized with Amberlite MB3 before spotting on the TLC plate. The plate was irrigated 2 times with acetonitrile/ water (85/15 by volume) after spotting I /LL of each sample. The compounds were detected on the plate by baking after dipping the plate in 5% sulfuric acid in methanol. Reaction of the enzyme.
When the enzyme was incubated with an equi molar solution of cellobiose and G1-P, a series of celloologosaccharides were formed in the reaction mixture (Fig. 6 ). However no reaction was found when the enzyme was incubated with glucose and G1-P. The kinetic parameters of the enzyme for various cellooligosaccharides in both the phosphorolytic and synthetic reactions are summarized in Table 3 . This enzyme did not phosphorolyze cellobiose and did not use glucose as an acceptor. The kinetic parameters of the higher cellooligosac charides were close to each other.
DISCUSSION
The CDP from C. thermocellum YM4 (CDP (YM4)) is the third cdp gene cloned. As shown in Table 1 , the amino acid sequence of CDP(YM4) was close to that of C. thermocellum ATCC 27405 CDP (CDP(ATCC27405)) but not so similar to C. stercorarium CDP (CDP(ster)), which showed higher alignment scores with CBPs than C. ther mocellum CDPs. The difference in the amino acid sequence may represent the difference in species.
Only three CDPs were characterized before this report. Sheth and Alexander14) separated CDP with CBP from C. thermocellum strain 651 (CDP(651)) and found its optimum pH at 7.5. The second one is CDP(ATCC 27405) and its optimum pH was reported at 9.0.1Sj The third one is CDP(ster) showing optimum pH between 6-7.8) CDP(YM4) showed optimum pH at 7.5, similar to CDP(651) and CDP(ster). It is interesting that the optimum pH of CDP(YM4) is considerably different from that of CDP(ATCC27405) whereas both the enzymes are very similar in their amino-acid sequence (92% identity).
Sheth and Alexander described that CDP(651) require a thiol compound.14) Arai et al. also reported that CDP(ATCC27405) was activated 14 fold by 10 mM dithiothreitol.15) We found that dithiothreitol did not affect the reaction of CDP (YM4), quite unlike the other C. thermocellum CDPs. However, it is uncertain whether the recom binant CDP(YM4) shows identical characteristics to the native CDP(YM4), since the native enzyme has not been characterized. 
